The present investigation analyzes if the effect of Total Sleep Deprivation (TSD) on depressive mood in normal subjects is related to participants' activation levels. Reaction time (RT), subjective sleepiness, and depressive mood were assessed among 48 normal subjects who were subjected to 60 h of TSD. Subjects were divided into groups based on his/her depressive mood changes following TSD: subjects with worse response (n ϭ 11), subjects with better response (n ϭ 12), and intermediate group (n ϭ 25). We sought to determine if RT and subjective sleepiness were related systematically to depressive mood changes following TSD. TSD produces a general reduction in activation (i.e., a monotonic increase in RT and subjective sleepiness) modulated by circadian oscillations. Baseline activation (RT) was confirmed partially as a predictor of participants' response to TSD. Subjects with high levels of activation (lower RTs at the baseline) experienced a better response (greater reductions in depressive mood) following TSD. There was no relationship between pre-treatment subjective sleepiness levels and the TSD effect on depressive mood. The results partially support the role of the activation level as a differential moderator of TSD effects on depressive mood in normal subjects.
Studies that have used more global measures based on self-reported or self-rated levels of arousal, distress, or arousability have obtained more consistent results than those based on physiological parameters. A constellation of factors, including high levels of behavioral activation (Bouhuys, Beersma, & Van den Hoofdakker, 1989; Szuba, Baxter, Fairbanks, Guze, & Schwartz, 1991) , high levels of vigilance (Wu et al., 1992) , and low levels of fatigue (Bouhuys, Van den Burg, & Van den Hoofdakker, 1995) , all predict a favorable response to sleep deprivation among depressed patients.
To date, diverse studies have investigated the effects of TSD on mood in normal populations. Habitually, decreases in activation, vigor, and vigilance, and increases in fatigue, sleepiness, anxiety, confusion/daze, irritability, and other signs of increasing disturbances following sleep deprivation have been reported (Brendel et al., 1990; Cutler & Cohen, 1979; Dinges et al., 1997; Gillberg & Akerstedt, 1981; Hill, Welch, & Godfrey, 1996; Mikulincer, Babkoff, Caspy, & Sing, 1989; Reynolds et al., 1986) . In any case, the majority of these studies tend to conclude with a report concerning the global effect of sleep deprivation on these variables. Rarely have the individual differences in the response to sleep deprivation been analyzed.
Our investigative group (Beutler, Cano, Miró, & Buela-Casal, 2001 ) recently found that while there was a mean deterioration of depressive mood following TSD among normal subjects, this mean difference masked very wide inter-subject variations in the way mood was affected by TSD. Most participants worsened, but some experienced an improvement of mood, and others experienced no change. The baseline depressive mood scores correlated with the changes in depressive mood due to sleep deprivation. As the initial depressive mood scores become higher, the effect of TSD on depressive mood is more positive.
Few variables have been analyzed as determinants of the sleep-deprivation effect on mood in healthy subjects. The effects seem to be more pronounced in younger subjects (Brendel et al., 1990; Webb, 1985; Webb & Levy, 1982) and in elderly women (Reynolds et al., 1986) . Some studies have suggested that the locus of control is a factor that influences the degree of mood state disturbances caused by sleep deprivation (Balgrove & Akehurst, 2001; Hill et al., 1996) . It also has been reported that the deficits in mood due to sleep loss correlated significantly with neuroticism and extraversion (Balgrove & Akehurst, 2001 ). Finally, trait anxiety has been pointed out as being the factor most related to changes in mood following sleep deprivation (Smith & Maben, 1993) . As we can see, few studies have investigated the individual differences involved in sleep-deprivation responses.
The disparity of findings between clinical and normal samples indicates that studying personality and state-like precursors to therapeutic response only in clinical samples of depressive populations is unlikely to clarify the nature of this therapeutic effect. In these populations, the causes and consequences of depression likely are to be confused. From such pathological populations alone, it cannot be determined if the biological and behavioral substrates are characteristics of depression itself or are true precursors of treatment response. This can only be determined if the pattern of responses observed in depressive groups is observed in normal populations as well. Thus, an important question remains as to whether the disparity that is noted in the responses of depressive patients to sleep deprivation is a product of some aspect of normal versus clinical depression or whether there is some other mediator at work, such as activation, which is differentially present in these populations.
The purpose of this study is to analyze the role of different activation-level indicators in the differential effect of TSD on the depressive mood of healthy subjects. Specifically, we analyzed reaction time (RT) and subjective sleepiness. Activation level was assessed both before and during TSD in order to determine if pre-TSD levels predicted responses to TSD and/or if the changes in these variables are related to the response to TSD.
Method

Subjects
Forty-eight normal subjects voluntarily participated in this study (30 women and 18 men). Participant ages ranged from 18 to 25 years (mean ϭ 20.23; SD ϭ 1.74). Participants were recruited from numerous sources, including advertisements and announcements in undergraduate courses at the University of Granada. A questionnaire was developed to explore the various inclusion and exclusion criteria.
Volunteers were excluded if there was indication, by history, of:
1. any physical or mental illness (past or present), 2. current or previous use of either prescribed or illicit medications and drugs, 3. ingestion of more than 3 caffeinated beverages per day, 4. high nicotine consumption (more than 15 cigarettes per day), or 5. disturbed sleep-wake cycles (including a history of insomnia or hypersomnia, irregular sleep pattern, and excessively advanced or delayed sleep).
Exclusion of those with atypical sleep patterns was initiated because such patterns may be associated with pathological processes. Thus, we excluded all of those who scored either above 21 or below 8 on the Horne and Östberg Morningness-Eveningness Questionnaire (1976) . All participants in the final sample presented a regular sleep pattern of 7 to 9 h, with the bedtime hour between 11:30 p.m. and 2:30 a.m. and the wake-time hour between 7:30 a.m. and 10:30 a.m. These patterns were confirmed by a clinical interview with a psychologist who was familiar with sleep patterns and their association with psychiatric problems.
To ensure further the normality of the sample and to rule out those with extreme or variable mood, we also excluded those who scored higher than the 70th percentile on the State-Trait Anxiety Inventory: Trait Scale (STAI) (Spielberger, Gorsuch, & Lushene, 1970) or on the neuroticism and psychoticism dimensions of the Eysenck Personality Questionnaire (Junior and Adult) (EPQ-A; Eysenck & Eysenck, 1975) . Finally, we excluded those who scored higher than 11 on the Beck Depression Inventory (BDI; Beck, Rush, Shaw, & Emery, 1979) .
The subjects signed a written-consent form after careful explanation of the procedures. This consent form also informed the subjects that they could terminate their participation at any time. Both the experimental subjects and the collaborating sleep investigators were blinded about the primary objectives and hypotheses of the study. All testing procedures conformed to the Declaration of Helsinki statement for the testing of human subjects.
Total Sleep Deprivation
Very precise instructions were given to guide subject participation during the days before and during the experiment. Subjects were told to follow their usual schedules. The experimental conditions always were initiated on a Tuesday at 9:00 a.m. and always ended on a Thursday at 9:00 p.m. (a total of 60 h of TSD). The experiment always was conducted in groups of from five to seven subjects. Table 1 shows an outline of the experimental protocol. Between the initial and final evaluations and recordings, the subjects were free to read, listen to music, watch television, etc. (anything more than routine physical activity and exertion was not permitted). Participants were monitored constantly by two investigators throughout the 60-h period in order to prevent sleep onset. Daytime naps also were prohibited. Throughout the experiment, the participants were not allowed to ingest coffee, tea, or other caffeinated refreshments, nor were they allowed to take medications of any kind. All female participants were assigned to participate during a week that did not coincide with their premenstrual, menstrual, or ovulation period. They could participate during the week between the last day of menstruation and the following seven days.
Moderating Variables
Two variables were used to identify the hypothesized moderating variable of activation. These variables were expected to be influenced by TSD and to affect differentially the influence of TSD on depressive mood.
Reaction Time. Reaction time (RT) was the first measure used to assess the degree of participant activation. Participants were required to press a key as quickly as possible Table 1 Complete
Experimental Protocol of the Daily Evaluations During the 60 h of Total Sleep Deprivation
The Effect of Sleep Deprivation following the appearance of the stimulus, a white letter "A" on a black background, 4mm in height, in the center of the computer screen. The subject was situated at a distance of 50 cm in front of the monitor, with his/her eyes at the same horizontal level as the stimulus. During each recording session, the stimulus was presented 50 times with an intertrial interval randomly ranging from 0.5 to 3.0 s. A filter was incorporated to detect and eliminate anticipation responses (i.e., those responses produced before the stimulus presentation and during 130 ms following the stimulus presentation). If an anticipation response was produced, the trial was voided and the stimulus presentation for that trial was repeated (Buela-Casal, 1990) .
The RT task was administered every 2 h throughout the length of the 60 h of sleep deprivation in an uninterrupted form (a total of 30 reaction-time recordings for each subject).
Sleepiness. Participant level of sleepiness was the second measure of activation. The Stanford Sleepiness Scale (SSS; Hoddes, Dement, & Zarcone, 1972 ) was used to evaluate self-reported sleepiness. This scale consists of 7 distinct descriptions of different states that imply activation and arousal versus sleepiness. The subject is asked to select the statement that best describes his/her activation state at that moment. Low scores indicate activation and higher scores indicate sleepiness. The authors of this scale demonstrated that the SSS was correlated highly to objective measures such as the Wilkinson Addition Test or the Wilkinson Vigilance Test (r ϭ 0.68). Similar results were observed when the SSS scores were correlated with performance after the sleep deprivation and with the changes in sleepiness recorded with a polysomnogram (Buela-Casal & Sierra, 1994) .
Sleepiness was assessed every hour throughout the sleep-deprivation phase (a total of 60 measures for each subject).
Dependent Measures
Depressive Mood. Changes in depressive mood as a function of TSD were evaluated with the BDI (Beck et al., 1979) . The BDI was administered at 6:00 p.m. on the first day (baseline), the second day (after the first night of sleep deprivation), and on the third day (after the second night of sleep deprivation), for a total of 3 measures for each subject.
The changes in depressive mood were established as being the difference between the scores obtained on the BDI during the first day (baseline) and the scores obtained on the third day (after the second night of sleep deprivation). The quartiles for these differential scores were used to determine the response patterns. Those in the first quartile (n ϭ 11) were the subjects with the worse response, those whose scores were in the second quartile varied from slight improvement to slight deterioration and were designated as non-responders (n ϭ 25), and those in the third quartile (n ϭ 12) were the subjects with better response (see Table 2 ).
Data Analysis
Two sets of analyses of variance were carried out. Each analysis used a different measure of activation (RT or sleepiness) as the dependent variable. In these analyses, a mixed factorial design was used, with one time factor varying from 30 (RT) to 60 levels (sleepiness) and two factors that were stratified by within-group selection: gender and response patterns to TSD on depressive mood (subjects with worse response, non-responders, subjects with better response).
In this analysis, we wanted to verify if TSD produces changes in the activation variables and if these changes in the activation variables were related to the direction of changes in depressive mood. The effects of TSD over time on activation variables were assessed by the main effect of time, and the relation between the changes in the activation variables and the changes in depressive mood were assessed by the interaction between TSD time and response group. The gender factor and gender-interaction functions were inspected to determine if gender is a moderator of these effects.
In order to determine if activation baseline levels predicted TSD effects on depressive mood, the partial correlations between the activation variable levels (RT or sleepiness) during baseline and the effect of TSD on depressive mood were calculated. The effect of TSD on depressive mood was established as the difference between the scores obtained on the BDI during the first day (baseline) and the scores obtained on the BDI after 40 and 60 h of TSD. Because recordings of the two activation variables were taken throughout the sleep-deprivation period, the mean recorded values of RT and sleepiness for the day before sleep deprivation were used as the baseline (from 9:00 a.m. until 9:00 p.m. of first day) (see Table 1 ).
Finally, three multiple-regression analyses were performed. One of these used the total sample. The two subsequent analyses were conducted on men and women, respectively. The effect of TSD on depressive mood was the dependant variable, and the baseline RT and sleepiness variables were inserted as predictors.
Results
Effect of Sleep Deprivation on Activation
Sleep deprivation produced significant changes in reaction time (TSD time factor effect: F(29,1189) ϭ 9.25; p Ͻ 0.001). These changes comprised a significant positive linear function (linear-tendency effect of the TSD factor: F(1,41) ϭ 34.44; p Ͻ 0.001). As the hours of sleep deprivation increased, the reaction time also increased, indicating that activation decreased. The effects were especially prominent (see Fig. 1 ) after the second night of sleep deprivation, reaching the maximum RT values between 7:00 and 9:00 a.m. Gender was not associated with significant effects in reaction time (TSD interaction and gender: F(29,1189) ϭ 0.494; p ϭ 0.989).
Notably, RT was not differentially affected by the response to TSD. There were no significant differences (TSD interaction and group: F(58,1189) ϭ 0.78; p ϭ 0.88) among the three groups (subjects with worse response, non-responders, subjects with better response), nor were differential effects of the response group a function of participant gender (TSD interaction, group and gender: F(58,1189) ϭ 0.832; p ϭ 0.810; see Fig. 1 ). Similar findings were noted when the measure of activation was assessed as the participant's level of sleepiness. Confirming the findings using RT, sleepiness was related significantly to time in TSD (TSD factor effect: F(59,2419) ϭ 20.85, p Ͻ 0.001), and, as with RT, the change function assumed a positive or ascendant linear function (lineartendency effect of the TSD factor: F(1,41) ϭ 108.24, p Ͻ 0.001). Sleepiness increased most during the morning hours (between 5:00 and 9:00 a.m.), especially after the second night of sleep deprivation (see Fig. 2) .
Again, and similar to RT, sleepiness was not differentially represented among the three response groups. Independent of the direction of change in depressive mood, sleep deprivation produced a progressive increase in levels of sleepiness (TSD interaction factor and group factor: F(118,2419) ϭ 0.64, p ϭ 0.999) (see graphic representation in Fig. 2) . 
Initial Activation Levels and Sleep Deprivation Effects on Depressive Mood
The partial correlations between the sleep-deprivation effect (i.e., changes in depressive mood from baseline after of 40 and 60 h of TSD) and the initial level of activation are presented in Table 3 . A significant partial correlation between pre-treatment reactiontime levels and the changes in depressive mood after 60 h of TSD was found in the total sample (r ϭ Ϫ0.368; p ϭ 0.011). This correlation after 40 h of TSD was not significant. Moreover, the relationship (partial correlation) between the effect of sleep deprivation on depressive mood and initial sleepiness levels was not significant. Thus, mixed findings do not permit a clear confirmation of the hypothesis that initial activation level is a moderator of the effects of TSD on depressive mood.
A final set of analyses further explored the influence of initial activation on mood change following TSD. Multiple regression analyses were conducted, in which BDI changes were the dependent variables. Predictors consisted of the baseline measures of RT and sleepiness, the two measures of initial activation. Pre-TSD reaction time was the only variable that contributed to a significant regression coefficient (R ϭ 0.596; F(2,45) ϭ 12.37; p Ͻ 0.001). Reaction time was related in a predictable fashion to the nature of the post-sleep-deprivation effect. The shorter the reaction time (higher activation levels) during baseline, the greater positive effect of TSD (see Fig. 3 ). Sleepiness did not enter into the equation.
Discussion
In the present study, we tested the hypothesis that activation levels moderate the nature of post-deprivation effects on depressive mood in normal subjects. The results were mixed, The effect of total sleep deprivation was established as the difference between the BDI scores at baseline and the BDI scores in both time points.
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with only one of the two measures of initial activation moderating the effects of TSD. Reaction time, but not initial level of sleepiness, supported the hypothesis that high activation is a predictor of positive response to TSD. The mixed findings suggest that these two measures, although in correlation with one another, actually measure different aspects of activation. In relation to this, the level of sleepiness may be associated more closely with depression severity than reaction time. This assumption may be supported by the prominence of sleep disturbance among the vegetative signs indicating major depressive episodes. If this is so, it is possible that some undisclosed level of depression severity is needed as a precursor to the moderating effects of sleepiness. Without a critical amount of depression, sleepiness simply may indicate the status of environmental and experiential factors.
It also is possible that a critical amount of change in mood is necessary before the moderating effects of activation are observed in the sleepiness measurement. Thus, it is notable that the therapeutic effects of TSD have been defined quite differently in different studies. In some studies, the definition of a therapeutic effect has been the percentage change in depression score from the beginning to the end of treatment (Vogel, Vogel, McAbee, & Thurmond, 1980) ; in others, a therapeutic effect has been defined by a 2-point (Post, Kotin, & Goodwin, 1976) or a 6-point drop in average depression scores (Bouhuys et al., 1995) . Others have defined a therapeutic change as any positive directional change from baseline (Gerner, Post, Gillin, & Bunney, 1979) , and still others have defined it as an decrease in the Hamilton depression score of 40% or more (Wu et al., 1992) . With such diversity of views about what constitutes a therapeutic effect, it is difficult to expect that this type of response will be shown in healthy subjects at a level of specificity so as to be responsive to sleepiness, a measure that itself is confused by state and trait variables.
In our study, we studied those individuals who experienced the greatest and least degree of negative change. We used the three quartiles from these scores, group with worst response (25%), group with best response (25%) and intermediate group (50%), to approximate significant differences among groups. A similar procedure was used by Gerner et al. (1979) among healthy subjects, and this group obtained similar results to ours. However, in clinical samples, clinically significant changes can and should be a criteria for identifying therapeutic change. The failure to define groups by something more than raw pre-post differences in depression measures is likely to result in unreliable samples. This difficulty is most apparent in the most usual tendency to bifurcate clinical samples into those who improve with sleep deprivation and those who do not respond. Such a distinction is especially unreliable and ignores those who worsen or those whose scores are influenced heavily by error variance and environmental factors (see Van den Hoofdakker & Beersma, 1988) .
The same kind of arguments may serve to explain why the moderating effects of activation are evident only after 60 h of TSD and not after of 40 h of PTS. In studies with depressive subjects that habitually have used a 36-h sleep-deprivation paradigm, this modulator effect already is evident in this time interval. It is possible that a critical amount of change in mood is necessary before the moderating effects of activation are observed. Taking into account that the magnitude of the mood change is less in normal subjects than in depressive subjects, a paradigm with a greater number of hours of TSD may be necessary for a positive result in the modulator effect. For example, in the study by McCann et al. (1993) in which normal subjects were deprived for 40.5 h and treated with ␣-methyl-para-tirosine (AMPT), increased depression, anger, confusion, tension, and anxiety, as well as decreased calmness and happiness, were reported. Interestingly enough, treatment with sleep deprivation or AMPT alone led to only mild and inconsistent changes in mood. It was only when the two treatments were combined that significant mood effects were observed.
The influence of extraneous environmental factors is also a problem in delivering the TSD treatment. The application of TSD is a complex intervention with an impact on a host of levels of functioning covering the entire area from social interactions to molecular process. The participant's interactions with their environment during TSD may have a very potent effect on the psychological level. Social isolation is substituted by social interaction with nurses and sometimes fellow patients. Hence, personality, as well as psychotherapeutic factors, may play a prominent role in bringing about clinical effects, both positive and negative (Van den Hoofdakker, 1997) . Therefore, although the psychotherapeutic mechanisms cannot be excluded, it is unlikely that they would provide a complete explanation for the effects of TSD. The acute and transient nature of the positive responses particularly is unprecedented in the psychotherapeutic literature in this category of patients (Van den Hoofdakker, 1997) . Some early studies shed light on the role of other psychological factors, such as positive or negative expectations and attitudes in patients and those accompanying them with regard to the consequences of sleep loss (Gerner et al., 1979; Pflug & Tölle, 1971) . In one experiment, the patients were told that the intervention served a diagnostic goal (Pflug & Tölle, 1971 ). In another, both patients and staff were led to believe that the experiment concerned the assessment of biological rhythms (Gerner et al., 1979) . In each of these studies, positive responses were found. Apart from these data, there are other more indirect arguments negating their importance. Depressed patients generally perceive sleep loss as a central problem; hence, negative expectations prevail and positive expectations are counterintuitive. Still, on average, the positive responses dominate the negative ones. Although the incompleteness of empirical research prohibits definite conclusions, this is not likely to be caused by psychological mechanisms. Such mechanisms may contribute, but are not sufficient (Van den Hoofdakker, 1997) .
The current study does not definitively resolve the question of whether the selective effects of sleep deprivation among high-and low-aroused participants are reflective of the biological process that links sleep and depression. Alternatively, it could be that the therapeutic effect of sleep deprivation among aroused individuals simply might be a by-product of participant motivation, a corollary of arousal. That is, therapeutic effects of any treatment may be enhanced among individuals who are aware, aroused, and motivated for change.
In normal subjects, sleep deprivation produces an increase in reaction time accompanied by circadian oscillations. This data has been pointed out in diverse studies (Angus, Heslegrave, & Myles, 1985; Brendel et al., 1990; Corsi-Cabrera,Arce, Ramos, Lorenzo, & Guevara, 1996; Dinges et al., 1997; Lorenzo, Ramos, Arce, Guevara, & Corsi, 1995; McCann et al., 1992; Reynolds et al., 1986) . This increase in reaction time occurs in subjects who improve, subjects who worsen, as well as in subjects who experience no change in their depressive mood with sleep deprivation. Wu et al. (1992) found that depressive subjects who responded to sleep deprivation, as well as those who did not respond, and the normal subject control group demonstrated a significant decrease in vigilance levels following sleep deprivation, although no significant differences existed between groups.
Sleepiness considerably increases during the TSD. In addition, strong circadian oscillations are observed throughout the entire TSD period. Diverse studies have found these same results (Angus et al., 1985; Brendel et al., 1990; Dinges et al., 1997; McCann et al., 1992 McCann et al., , 1993 Mikulincer et al., 1989; Wilhelm, Wilhelm, Ludtke, Streicher, & Adler, 1998 ). An increase in sleepiness, such as we found, is common among normal subjects following sleep deprivation, as well as among depressive subjects, while not being related to the sleep-deprivation antidepressant effect. Subjects with a positive response, with a negative response, or with no response demonstrate more sleepiness to a similar degree without these changes being related to the changes in their depressive mood. Van den Burg, Beersma, Bouhuys, and Van den Hoofdakker (1992) pointed out that this increase in sleepiness probably plays an important role in the antidepressant effect of sleep deprivation, not in a causal relation, but as a pattern or matrix upon which the antidepressant effect develops. These authors have proposed the disinhibition hypothesis that follows the activation role in the antidepressant effect of sleep deprivation. This hypothesis postulates that the disinhibiting effects benefit those subjects who positively respond to sleep deprivation. The increase in sleepiness and fatigue provoked by sleep deprivation reflects, at least partially, an increase in cerebral fatigue. The authors propose this assumption based on the diverse investigative results indicating that the deficits that follow the TSD reflect a more cerebral deterioration than a corporal deterioration (Horne, 1988 (Horne, , 1993 Horne & Pettit, 1985) . According to Van den Burg et al. (1992) , this cerebral fatigue would be that which provides the conditions for a "psychological disinhibition" process, producing relief in the depressive mood. How cerebral fatigue can lead to an antidepressant disinhibitory effect can be explained by reviewing those studies that analyze the psychological and behavioral effects of sleep deprivation. In a literature review, Horne (1988) cited various studies that defined the most sensitive tasks to sleep deprivation as those which are long in duration, complex, demand a high attention and vigilance level, and do not provide any information concerning the subject's performance. A decrease in interest and motivation also has also been observed in initiating or maintaining an activity. All of these effects have in common a reduction in the self-regulation capacity for behavioral and mental processing due to a low disposition (motivational aspect), a low capacity, or both. According to the authors, this general effect can be why depressive subjects produce a "de-blocking or disinhibition" process that produces a blocking in their thoughts, concerns, and with this a "de-blocking" of their feeling state.
It is difficult to evaluate to what extent some comparable disinhibiting effects can occur in normal subjects. These effects can be difficult to measure with precision and easily can be hidden by the elevated sleepiness. Furthermore, Van den Burg et al. (1992) mentioned that mood changes in the sphere of "euphoric disinhibition" cannot be expected to occur frequently in strictly controlled sleep-deprivation experiments that require an extremely sleepy subject to be occupied in all types of activities that he/she is not in condition for, nor prepared for.
It is important to remember that vigilance, sleepiness, mood, and even motivation are subject to circadian modulation. The variables' levels obviously are determined by both the sleep-wake cycle and circadian components. The mean, amplitude, and phase of the circadian rhythms for vigilance, mood, and sleepiness can play an important role. A protocol such as that used by us does not allow for the quantification of the interaction of circadian and wake-dependant process in mood regulation. Furthermore, we unfortunately did not monitor sleep during the day before the sleep deprivation. Although the subjects' sleep patterns were regular (with bedtime and wake-time hours within a determined interval), it is probable that variability existed in the circadian phase and in the initial pressure of the homeostatic sleep between subjects. Studies on forced desynchronization can explain this problem. Such experiments have demonstrated that, in healthy subjects, a complex and nonadditive interaction of circadian phase and duration of prior wakefulness determine the course of a number of variables, such as tiredness, sleepiness, alertness, cognitive performance, and mood (Boivin et al., 1997; Czeisler, Dijk, & Duffy, 1994; Johson et al., 1992) .
Further studies are needed that evaluate the effects of other types of sleep manipulations on the depressive mood in normal subjects and that observe different response patterns. Few theories have adapted their hypotheses to distinct response patterns. It is important that the proposed theories explain the effect of these sleep manipulations on the depressive mood in depressive and healthy subjects, as well as the continuum of reactions that occurs in both.
